N

-

Reprinted from Sature, Vo, 333

T Macminar Mavazimes Lid s

AiRS P PR313U T Ny e I'4

Quantitative assessment of worldwide
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Calculated loading rates of trace metals into the three environmenial compartments demonstrate that human activities
now have major impacts on the global and regional cycles of most of the trace elemenis. There is significant contamination
of freshwater resources and an accelerating accumulation of toxic metals in the human food chain.

THE inventory of emissions from different industrial sources is
needed both in global mass balance models for trace metais and
also for relating the mesoscale variations in aerosol concentra-
tion and composition to global circulation patterns. Estimates
of the source strengths are a necessary first step in the design
of pollution control programmes, and are also invaluable in the
assessment of the long-term ecological and health impacts of
the large quantities of toxic metals now being dispersed globally
in the different environmental companments'. One of us
1J.LO.N.} previously presented a global inventory of
anthropogenic emissions of Cd. Cu, Ni, Pb and Zn to the
atmosphere in 1975 (ref. 2). The present report provides a
revision of the eariier data and extends the calculations to nany
more trace elements. We also present. for the first time, world-
wide inventories of industrial/ municipal discharges of trace
metals into soils and the aquatic ecosystems. The calculations
provide some perspective on the problem of toxic metal
poliution as a global and regional issue.

Source function

The emission factors for the release of trace elements to the
aimosphere are shown in Table 1, and are based on the review
of emission studies in Western Europe, the United States,
Canada and the Soviet Union®. It is known' that pollution
control strategies in the developing countries are often less
stringent than those of Europe and North America. The emission
factors used in this repont may thus under-represent the global
rate of metal emissions.

In most cases, the ranges in the emission factors listed in
Table 1 fall within a factor of 2-10. Basically, the range is
determined by (1) the concentrations of the trace elements in
the raw material; (2) the production technology employed in
the emitting industry;, and (3) the type and efficiency of the
pollution control installations. The concentrations of trace ele-
ments in industrial raw material and the associated airborne
wastes can obviously vary by more than a factor of 2-10. For
example, the As concentrations in coal range from 0.34 to
130 ug g~' and reach 1,500 pgg~' in some Czechoslovakian
lignites®. Such coals with extreme As levels are used locally for
domestic purposes and although they can be excluded in deriv-
ing the global As emission inventory, they certainly should be
considered in estimating the local or even national emissions.

Special attention has been given to deriving the correct
emission factors for various production technologies within the
same industry. This is particularly true of the high-temperature
processes employed in non-ferrous metal smelters (roasting,
smelting and refining steps), iron and steel production (electric
arc and basic oxygen furnaces versus the older open-hearth
plants), and wet versus dry kiln operations in the cement
industry. Refuse incineration is becoming a very important
source of trace metais in the atmosphere®. Bocause of the large
difference in the chemical make-up of the refuse inputs in various

countries, it is difficult 1o select a reasonable range of emission
factors for this source and the values used in this studs areveny
tentative. Metal applications in various industnes as well as
specific uses of certain metals can also emit significant amounts
of trace metals; such contributions have been lumped under the
miscellaneous heading (Table 2).

Practically every industry discharges one trace metal or the
other into the water or soil. We have limited our in\entory to
the principal industrial and commercial users of water and
producers of solid wastes. Extensive data bases currently exist
on the trace metal concentrations in industrial and municipal
solid wastes and aqueous effluents (for example, see refs 5-19)
and the emission factors in Table 3 are based on a critical suney
of the published literature. In general. where the reported con-
centrations appear 1o be too high, the lower end of the concentra-
tion range has been adopted in this report.

The average serviceable lives of the major metal-containing
products are unknown. In estimating the loadings into the soils,
we have assumed. quite tentatively, that for the metals tnamely
Mn, Mo, Ni, Sb and V) used primarily in manufacturing durable
goods. only 1-5% of their global production is wasted tdiscar-
ded, applied or washed off due 1o corrosion| annually on land.
For Cd, Cu, Pb Cr and Zn which find significant applications
as fertilizer, pigment, lubricant or chemicals, the wastage rate
is assumed 10 be $-10% of the annual production figure. For
Hg (used extensively as pesticide) and Se (widely used as an
additive in animal and poultry feeds). the wastage rate is con-
servatively estimated to be 10-15%. 'About 80-90% of the As
produced each year is applied on soils as agricultural organic
pesticides.

It is impossible to place an error range on the czlculated
inventories. The exact global value of the metal consumed or
waste generated are unlikely to differ from those used in this
report by more than a factor of two or so; a single number rather
than a range in values for the annual global discharge or produc-
tion/consumption has been employed in this paper. The prin-
cipal uncertainty in calculating the contribution from each
source therefore stems from the wide range in metal concentra-
tions in the discharges. We have endeavoured to use the common
ranges in the reported concentrations and unlike most of the
previously reported inventories™ 2%, we have eschewed the use
of an "average’ emission factor in the calculations.

Validation of the global and regional inventories of trace
metal emissions published by us has been encouraging. The
trace metal profiles (or records) in the Arctic snowfieids- . lake
sediments and peats (see ref. 28 for a good overview), and
soils™* are in reasonable accord with the calculated historical
changes in rates of anthropogenic emissions to the atmosphere*.
Using a mass balance receptor model, Pacyna er al**** obtained
a good fit between the atmospheric concentrations at Ny
Alesund, Spitsbergen, and the estimated emissions of trace
metals for European sources. Such an agreement between the
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Tabie |

Emission sactors o7 the reieace of irace metals Lo the atmosphere

Source categon Lan As Cd Cr Cu Hg In Mo Mo
Coal combutiion
~electnc utinnes ug M) 15100 L.0¢ $0. 400 60-200 10-3¢ 70-450 1518
-indusin and domesuc g 0s-210 G1-0% 1°-12 14.8 0.5-30 142 04-2¢
Oil combusiten
-electne ytihues up M) 10.40 -3 15-100 60-400 10-100 100
-industn and domesuc g7 00202 00%-02 10-50 05-30 10-%0 [(AME
Prrometalivrpicai
non.ferrous metas
producuion
-mimng g meal $0-100 01-0¢ 20-100 $0-100
-Pb production $t mewi 20G-800 10-56 60-80 2-40
-Cu- N1 production produced 1,000 1.8 200-400 1.700-3.600 10-40 100- 500
-20-Cd producuion $0- 150 200- 1,000 50-150 8-45 0510
Secondan non.
ferrous mewat g1 wasie 1.5-40 $0-1%0
productnon
Steel and iron g1 steet 083 ¢ Ous-04 40-400 0.2-40 15-400
manufactunng
Reluse incinerauon
-municipal pt”! wasie 1.1-28 0.4-10 07.70 10-14 10-18 1.8-9.0
-sewape siudge Su-10 10-12 50.1%0 10-60 £.20 £0-100
Phosphate g™ fershzer 05.20 10-50
feruhzers
Cement production gt cement 010 00060 10.20
W 00d comtystion $1 ' wood 01-0.% i-03 10-20 0.1-0.5
Source categon Ll b} Ph Sh Se Sn n \ Zn
Coal combusuon
-e1ecInG wliities g M $0-800 £0.100 10-.40 1-%0 10-50 10-40 20300 0. 800
-mduun and domesnc ! 20.1%0 10-100 03-1.¢ 048-20 0.1-10 0.5.3.0 1.0-100 15020
Ol combustion
-elecin¢ utiies up M 60-2.400 40300 650 60-400 1.200-9.000 n.20
-industn and domesuc  gt”' 20-30 2000 03-1.% 08-100 60-200 10-°0
Prromewaliurpical
non-lerrous metal
producuon
-mmng 57" meal ~ 100 5001000 10-100 1.0-2.5 $0-100
-Pb producuon g1 metal | 1) 1,000-5 000 £0- 100 10-%0 40-320
-Cuy- N production produced 900 1.306- 2 800 So. 200 $0-150 $0- 00 £.100 S(u-1.000
-2n-Cé production 1.200- 2,400 10-20 20250 100.000- 1#0.000
Secondan non- gt nane
lerrous meiat 26-300 1-¢ 3-¢ 300 1 600
productics
Steel and 1ror g17" steel 008100 1.8-200 0004-01 0.001-0.003 01-20 10-48
manutactunng
Retyce incineration
-mumcipal gt waste 0°.10 10-20 30-60 0204 1.0-10 20-60
-senage vudge 10-%0 $0-100 =20 1.0-210 5.0-20 10-20 £0-1%0
Phosphate gt ferhzer 1¢-80 04-20 0 003-0 000 10-%0
fernhzenrs .
Cemeni producnion gt cemem 01-1.0 v0l-160 3.0-60 lo-200
W ooad combustion gt wond 10-20 20-50 20-100

A Blank spa.e 10 this tabie cand Tadle 2) denotes an insipmincant contnbution from 8 panicuisr source.

emission estimates and the trace metal distribution in the
environment suggests that the model used in the source inventory
does vield data that are of the right order of magnitude.

Atmospheric emissions

The emission factors and the statistics on global production or
consumption of industrisl goods have been used to calculate
the worldwide emissions of trace metals to the atmosphere
(Table 2). (A blank in this table implies an insignificant contribu-
tion from a particular source.) For most of the trace elements,
the calculated total emissions vary by a factor of 2-3; the median
values are also shown and may be considered the “average’ rates
of global emissions.

Combustion of hard coal. lignites and brown coal in electric
power plants and in industrial. commercia! and residential bur-
ners is the major source of airborne Hg, Mo and Se and a very
significant source for As, Cr, Mn, Sb and TI. Combustion of
oil for the same purpose is the most important source of V and
Ni and is an important contributor of Sn. The non-ferrous metal
industry accounts for the largest fraction of Pb (in addition to0
gasoline combustion), As, Cd, Cu and Zn emitted. Chromium
and Mn are derived primarily from the iron and steel industry
(see Table 2).

Our data generally differ from the emission rates that have
been reported in the literature. Some of the previous studies
have not adequately assessed the impornant emission sources
and the emission factors used have not always considered the
differences in industrial processes and pollution control

strategies. For example, the emission rates reporied by Lantzy
and Mackenzie?' are very different from our estimates. Thev
caiculated the industrial emissions on the basis of published
chemical composition of metal-enriched, fine-grained aerosols,
and estimated the fossil fuel contributions assuming. quite
erroneously, that 90% of the metal concentrations in the oil and
coal is released to the atmosphere. Their emission rate for lead
also excluded the very important automotive contribution.

Previous estimates™*>* of anthropogenic emissions of Hg
generally fall in the range 2,000-10,000 tonnes, and are in
agreement with our own inventory. The reported As emission
rates of 23,600-28.000 tonnes™* fall close to the maximum
values in Table 2. The total (volatile + particulate) Se emission
of 6,700-8,300 tonnes recently reported by Ross™ is in good
agreement with our own estimate of 3,020-9,625; it is gratifying
10 note that the Se emission rate of 6,000 tonnes yr™' recently
reported by Mosher and Duce* is identical to our own estimate
(see footnote, Table 2). The inventories for 1975 previously
reported by Nriagu® were 56,000, 449,000, 470,000 and 314,000
tonnes respectively for Cu, Pb, Ni and Zn. The current (1983/84)
emission rates for Cu, Pb and Zn are lower than those of 1975,
due mostly to the overall global reduction in the emission of
particulates by industries and the phase down in the consump-
tion of leaded gasoline®. It seems that the rate for Ni in 1978
was underestimated.

Mean global emissions rates from natural sources have
recently been estimated to be (in tonnes per year) 7,800 for As,
1,000 for Cd, 5,400 for Co, 19,000 for Cu, 516,000 for Mn, 26,000
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Table 3 Wordwide of trace 10 the i 1983 10 hgar
Globai
production
consumpuon
Source categony 0% kgye ' As Cd Cr Cu Hg In \Mn Mo

Coal combustion

-electng ulthnies [18 5% 10° M)} 232-1.850 70 1.240-7.7%0 930-3.100 188.442 1.080-0 QA1 212-x0

-indusin and domestic 990 198-1.980 99-49¢ 1,680-11.880 1.390-4.9¢0 495.2.9%0 1.4x8- 11,280 1902480
Ou combustion

-electne vtinnes {$.8x10° MJ) $.3-2¢ 33-174 87-580 348-2.220 $9-400 Sh-a0n

-industn and domesuic 158 T.m 1812 3881990 179-1.0™0 1581790 10742
Pyrometaliurgica

non-ferrous mewa

production

-myning® 40.0-80 06-3 160-800 415-830

-Pb producuon is 780-3.560 N 198 patos | by T g6

-Cu-Ni producuion [ %] $.500-12.7%0 1.700- 3,400 14.450- 3W.600 17207 B5-M0 504,280

-Zn-Cd producuon 46 230-600 920-4,600 230-89¢ 2346
Secondarny non-ferrous

metal production” 23-36 s5.16¢ 1.065-28 400
Stee! and iron mfg o: 355-2.480 28-284 2.840- 28,400 142-2.840
Refuse incaneration

-munipai 1404 154-192 $6-1.400 98980 980- 1 960 140-2.100 282-1.260

-sewage sludge ¥ 15-60 pB1 3 150450 30-18y 1560 $.,000- 10,000
Phosphate feruiuen 13 68-27¢ 137684
Cement producrion 690 178-8390 $9.834 190-1.7%0
Wood combusior, 5007 #0-300 60-190 600- 1,200 60- 100
Mobile sources 64" (gasohine!
Misceilaneous 1,280-2.800
Totsl. emissions 12.000-25.420 2.108-12.040 7.M0-53.610 19.960-%0 370 910-4.200 1.3 10.560-43.9%0 S9N-4.700
Median salue 18.820 50 30480 1837 3.%00 2t 13.2°0 e

Source caregony N ”» Sb Se Sn m \ In

Coal combustion

-electnc utihines 1.39£.9.300 hat 22 X3 18879 108-7°¢ 188088 158-620 1Ne-4080 1.088-" %%

-ndusin and domesuc 1.980-148%0 990-9.900 1981 480 792.1.980 99990 49599, Q1.9 900 LARLL L ERG
Ol combustion

-elecing utilites 1.540-14.400 232-1,740 35-290 3a§-2320 6.980. 2200 174-1.280

-industns and domestic .160-28.640 "16-2.150 107.83° 2B6-).880 21.480-") A0v 150.2.500
Prromeallurpical

non-ferrous meta:

production

-mimng® 200 1.700-3.400 18-17¢ 18-17 310-820

- M production N 11,700-31.200 198390 198.39¢ 195408

~CuM production 7450 11.0%0-22,100 428-1.700 4271250 42%-1.700 a1.3¢ 4.2%0.5 f00

-Zn-Cd producuon $.420-11.%00 46-92 92.210 48,000~ b2 SO
Secondan non-ferrous 90- 1,680 38-19 3.5-19 2063 440

metal producuion:
Steel and 1ron mfg 36-7,100 1.06%-14.200 3e-71 08.22 kA B X ] *.100-31.950
Refuse incineranion

~mumepal 96-420 1.400-2.500 420-840 28-70 140-1.400 2.800-6 400

~sewage studge 3g-180 240-300 18-40 330 18-80 100-2.000 1%0-4%0
Phosphate ferulizen 137488 8- 0412 1.370-0.850
Cememt production 89-0%0 15-14200 2670-5040 1.780-1" por

1.200-6.000

Wood combusiion 600-1.800 1.200-3,000
Mobile sources 243,030
Miscelianeous 3.900-5.100 1.°24.4.782
Total. emisions 4.150-87.190 8. 1.400-8.340 1510-5.799 1L478-10.510 1320-4.938 30.190-141000  M.290-193.300
Median Malue §5.0%0 332350 3510 3.7%0"° 6.140 L0 131,880

* The (olioning pnman production figures (rom the otes were wsed 1 the calculstions 80> 10° kg vr™" for Cu, 24x 10%kgyr™' for Pb. 62w 10°Lg st ™! for Zn. and $ 12 10°kg vt ' for Mn
* The following secondan Sroduction fgures were also wsed: 11 x 10°kgyr™ ' for Cu. 1.8 % 10 kg yr' ' for PO and 09 % 10" kgt~ ' for Zn

2 The value represens :he production of crude sieel and « wsed hecouse sl emisson facion are
§ Thes figure represents 28%, of ihe
* We have assumed that only 10% of the sewagr siudge produced is manerated

€ Seerel. 13

» 11 has been caicuisted assumming that 45% of 10tal leaded Berer passlsne wn the world has 0.15 £ 3 Pb content of 1~ ' and the rest coatans 0 40 g 1 ™' Also 1t was sssumed that Q gasoline = ¢ “* g dm "
volatile S¢ for sbowt 40% of 1he Se released™®, the 10121 Se emissson 18 estimaied to de 6,320 1oanes s~ '

i eefuse

Se only.

** This figure 13 for

10 the p

isee Table 4 below

of one 1onne of crude ueel

%

for Ni, 19,000 for Pb, 66,000 for V, 46,000 for Zn (all from ref.
3) and 6,000 for Hg (ref. 24). The most recent estimate suggests
that 6,000-13,000 tonnes of Se are annually released to the
nmosphere from natural sources with 60-80% of the total Se
emission being of marine biogenic origin*®. A comparison of
these fluxes from natural sources with the anthropogenic
emissions in Table 2 leaves no doubt as to the influence of
industrial activities on the atmospheric cycle of the trace ele-
ments. On average the anthropogenic emissions of As, Cd, Cu,
Ni and Zn exceed the inputs of these elements from natural
sources by about two-fold or more; in the case of lead, the ratio
of anthropogenic to natural emission rates is about 17.

Discharges into water

The main industrial use for water is in the cooling system. We
have, however, considered only the generation of contaminated
process waters in deriving the inventories in Table 4. The major
sources of trace metal pollution in aquatic ecosystems including
the ocean are domestic wasiewater effluents (especially As, Cr,

Cu, Mn and Ni), coal-burning power plants (As, Hg and Se in

particular), non-ferrous metals smelters (Cd, Ni, Pb and Se),
iron and steel plants (Cr, Mo, Sb and Zn) and the dumping of
sewage sludge (As. Mn and Pb). The atmosphere is the major
route of Pb entry in natural waters, a fact that has been well
documented in the literature’®->*, The atmosphere also accounts
for over 40% of the V loading, a surprising observation in so
far as little is currently known about the atmospheric chemistry
of this element.

We are not aware of any published inventory pertaining to
the global discharges of metal pollution into the aquatic ecosys-
tems; excellent studies on the marine cycle of trace metals are
available however’**°. We infer from Table 4 that. for most of
the trace metals, the annual anthropogenic inputs into the water
exceed the quantities emitted to the aimosphere. Although air
pollution by toxic metals has been recognized as a matter of
concern, the impacts of loading large quantities of toxic metals
into the freshwater resources remain to be fully assessed on the
.lobal or regional scale.

1f it is assumed that only 25% of the industrial efluents are
discharged into lakes and rivers (total volume, 1.3 x10'*1), the



Table 3 Emission facrors for the reiease of (race metais (o the 1011 and water

Source categans 43 Ca Cr Cu Hg

Water ng! '
Domestic wastewater

-Ceniral 003-009 0002-002 009-04 00402 0-0.002

- “an-centrat 002-012 0600%-0.0 010" 00°-0% 0-0.007
Sieam elecinc 04-012 0001-004 0.1 4 0o-38 0-08
Base me1al miming

and dressing 0(4-1¢ 0001-06 OO0O0R-i4 0.8 0-0.3

Smelting and refining
«lron & steel

~Non-ferrous metals 0564 0004-18 1510 1.2-3.5  0001.0.002
Manufactunng processes

~Metale 001-006 0.02-00° 06.2) 04 s 0-0.0

~Chemals 01214 0.02-0% 05.48 02-36 0004-03

-Pulp and paper 0-vl - 0004.0.% 001-01) -

-Petroleum products 0.002.0.2 0-004 0001-0° Q002-0.2 0-0 08
Seils wg g™
Agnc. & f00d wastes 0-04 0-0.2 0.0 0225 0-0.1
Anmal wastes, manure 06-2.2 ¢1-0.6 40.30 7 0-40 0-0.1
Logging and other

wood wastey 0-0.% 0-06 02-16 01.47 0.02
LUrhan refuse 02-16 10417 14274 10-90 0-06
Munmitipal sew age sludge 0312 10-20 8-4%0 240-1030 05.90
Miscellaneou~ orgamc

wastes inciuding evcreta 0.0 2% 0.006 004.213 02-19 0-0.07
Sond wastes. metat mig 00106 0.02 7.6 T80 0-0.1
Conl 4 ask and LR 048 #6120 2590 o1-123

bottom ash*
Fernlizer ¢-01 [ 02.23 [ 0-002
Peatagncultural and fueluses:  01-13 w02 Gl-08 0802 0-00%

Mn Mo ~ P Sh Se ) 2n
02.09 0-003 01-06 091-008 ¢-001 0-00¢ 0} 01-0.f
041 5 8-002 02-08§ 00!-0.08 n-003 0-00¢ (LR 01-06
08-10 001-0.2 04-20 0.04-0.2 0-0 06 10-50 0-01 10-50
152 0008-1.1 002-10 0.£-50 008-0° 0%.50 0-002 012
20-%2 02-04 08.3%
10-"%  0003.02 10-12 0.5-30 00La-3? 1510 0.086 10-10
01-08 002-0.2  9.008-02 01-09 01-06 0-0.2 0-0 02 10.88
04-30 0-06 0.2-12 00806 0004-0% 0-00° 0080

0.01-01$ - 002-004 0004-03 0001-009 0002-0.3 - 00%.0¢

- - 0004-02 0003}-04 - 0002-0.1 - 001-0%
10-7% 06-20 04.30 0i-18 0-0.6 0-05 02-1% 0410
%7 02 1590 16-10 0-043 0.2.07 1.0-5% 7¢- 160
16-9% 0-0.} 0.8-7.8 0-0¢% 0-03 01-09 1.2-18

4£.320 05-10 40-1%0 03¢0 0108 02-1.2 80-220
320-%40 AQ-18 4010 140-480 MRS (1] 0.3.6.9 n-n 900 2 00
0430 G319 0.8-1$ 008-Te 0-0.5 U-g4 Gs-30 06-10
11-13 Co¥-04 22-88 11.28 0-04 003.0¢ 0.1-00 t0.%0
134-44% 41-20 b 12-6% 0°-60 ti-le pRVAPL] le-130
08-%0 0014 12-33 1804 0-0.0} 01-00 02-08 1608

1348 0420 06-93 12-00 01-12 0-11 024 0a.94

* The emission faciors shown. which correspond 1o The common concentranons of Lrace metals in ihe s0hid wastes of hquid effuents hase been compiied from 2 wide vanens of sources inciuding

Tefy - 19
* The concemranions ginen are for the coal rather than for fly ash or dotlom ash

average concentrations in these waters (based on 25% of the
median values in Table 4) would be increased by about 90 ng ™'
for Hg, 180 ng 1~ for Cd. 800 ng1~"' for Se and As. 2,200 ngi™"
for Cu and Ni. ~2.500 ng ™' for Zn and over 4,000ng 1™’ for
Pb. The background concentrations of trace metals in unpolluted
lakes and rivers (see refs 41-43 for example) are, in general,
several-fold lower than these expected increases. In other words,
the current rate of worldwide industrial inputs greatly exceed
the baseline burdens of trace metals in the average lake and
river. Most of the efluent discharges occur in Europe, North
America and some Asian countries, implying that the contamina-
tion of the freshwater resources in these regions may be much
more severe than is generaily realized. This problem has not
elicited much discussion because (1) the available data bases
are often inadequate for assessing the degree of metal contami-
nation of many lakes and rivers, and (2} the short half lives of
trace metals (due 10 their rapid transfer to the sediments) tend
to reduce the concentrations of pollutant metals in the water
column™

Discharges into the soil

Our inventory (Table $) clearly suggests that soils are receiving
large quantities of trace metals from a wide variety of industrial
wastes. The two principal sources of trace metals in soils,
however, are the disposal of ash residues from coal combustion
and the general wastage of commercial products on land. Urban
refuse represents an imponant source of Cu, Hg, Pb and Zn
with notable contributions of Cd, Pb and V also coming via the
aimosphere. The large volumes of wastes associated with animal
husbandry, logging as well as agriculwural and food production
can affect the trace metal budget of many soils significantly
(Table 5i. Although municipal sewage sludge may not be a
particularly imponant source on a global scale, its trace metal
content is often so high that it is sometimes unsuitable for
disposal on land. On a local scale, municipal sewage represents
one of the most important sources of metal contamination in
soils.

If the 10ta]l metal inputs were dispered uniformiy over the

Table 4 Anthropogemc inputs of trace Mmetals inlo the BQuaIK ecosystems ¢10* kg yr™ ")

Ansusl
siobal
Source categony 110° .'!l As Cé Cr Cu Hg Mn Mo Ni [ Sb Se v 2n

Domestic wastewatert

-Cemral 0 185-81 0O18-18 01-3 4518 0-01% 1381 0-2.7  90-%4 09.72 027 0-4.8 0-27 9048

-Non-cemnal L 12-72 03-12 6.0-42 43-30 0-042  30-90 o-1.3 12-48 0.6-4.9 o-1.8 0-30 018 s0-M
Steam eleainc [ 24-14  001-0.24 )0-34 3e-23 0-36 4318 0.1-12 30-1F 0.24.12 0-0.3¢ 60-0 006 60-M
Base metai mining

and dressng. o3 0-0.7% 0-03 0-07 01 9 0-0.05 0a-12 0-06 00105 025-25 004035 02410 - 0.02-¢
Smeling «ad refiming

-Iron and steel 7 14-3%6 1628 6-20

-Non-fervous metals 2 1.0-13  001-3¢ 3-20 24-17 0-00¢ 20-15 001-04 20-24 1.0-40 008.72 3.0-20 0-12 20-20
Manu(actunng processes

~Mewaks 28 0.28-1.¢ 05-13 15-5¢ 10-38 0-0.7% 2.5.20 0.8.50 02.7% : $.22 2818 0-50 0-0.7  35-138

-Chemicals $ 0670 01-28 25-M4 10-18  0.02-1.8 2.0-14 0-30 1.0-6.0 3.0 0104 002-2.8 0-03% 012-50

-Pulp and paper 3 0.30-4.2 - 001-1.3  0.03-039 - 0.03-1.4 - 0-0.12 O‘OI—OS 0.-0.27 0.01-09 - 009.1 ¢

- Pewroleum products 03 0-0.08 - 0-0.21 0-0.00 0-002 - - 0-0.06 0-6.12 0.003  0.009 - 0-0.24
Atmosphenc (allouts 3817 09-36 2218 60-1%  022-18 32-20 02-1.7 46-1¢ $7-113 04417 0.54-1) 1.4-9.1 -
Dumpeng of senage {ex10"kg}

sludpet 0.4-6.7 008-1.) $8-32 29-20  0.00-0.31  32-1.06 0.9k-4b 1.3-20 29.16 015.29 0.26-38 072-43 26-1
Total input, water 13- 2117 4529 35 -8 MW 13D -1 M 3N 172 2121 T-378
Median value @ 2.4 192 12 4 2 n "3 138 11 41 12 26

* The & gren rep i process waters. snd do Kot include cooling waters.

* The figure n-u-n-‘anr'y"Mnmu-u’mumummdmmmmmmmnm

hnh«-mml‘mmmvmm”mmdw hed or goods

1 We have assumed tha 0% of cach metal emitied 10 the stmorphere is deposued on land snd the remaining 30% in the squetic esvirommenns =%,

nmmmmmmnm”uuum_m

Mm-udn.m"'m*'umuw 810 1t is bebeved
thar 20° . of the mumicipsl siudge s derectly discharged or ™Mo squatic y about 10% 1 incinersied and the rest is deposited os land.



Table § Worldwide emusions of trace metals 1010 souls 80" kg yr~

Annual
global
discharge
Source categon (x10' kg:  As Cd Cr Cv Hp Mn Mo N1 ~ Sb Se v Zn

Agnec. and (ood wastes 15 0-60 0-30 435-90 3.3 0-13 18-112 9-30 b4t 18 0-9 0.t s a2 12-1%
Amimal wastes, manure 3 12.44 C2-h2 10-60 14-80 0-0.2 50-140 24 3-3e y2-20 0-08 04-14 -n 180.320
Logging & other

wood wasties n+ 0-33 0.2.2 22-18 3-8 0-2.2 15-104 0-33 23-23 66.8.2 0-%¢ 0-33 11-99 13.06%
Urban refuse 40 009-0" 08818 $6-33 13-80 0-026 70-4 022-44 210 18-62 022.1) 004-062 0-04d 2-9°
Mumiapal sewage sludge 20! 001-024 002-034 1411 49-21 001-08 44-13 008-0.32 50-2: 289" 004-01 001-034 02I.1¢ (AR
Miscallaneous orgamc

wasiey including eacreta 210 0-0.3% 0-0.01 0-0.1-048 004061 - 0.08-063 006-04 017-32 002-16 0-01 0-00* 011-0% 01221
Solid wasies. mecal mfg 380w 001-0.21 0-008 06%.24 0.9%.76 0-008 041-49 0-0.16 084.2 8 41-11 0-01e¢ 0-019 002.022 79
Coal 8y ash and 112-484

botiom Ay ash 3,720 67-37 1.5-13 149400 93-338 037438 499-16%5 1874 56-279 45242 2.8-22 41-60 18"
Fertihizer 166 0-00 003-0.2% 0.03-038 00%-058 - 0.13-0.83 0-00) 020-05¢ 042-22 - 002-010 003-01F ©2e-11)
Peat Lagncultural and

fusl uses» 378t 004-08 0-0.11 0080019 01520 0-003 32-17  01%07% 022-3% 04826 004-04¢ 0-041 008.1° 0143
Wasiage of commercial 36-4) 078-16 Y05-610 395790 0.535-082 100-500 0.6%.32 6.8-32 194.390  05-40 01-0.2 0o6.-2b RATCY B 1]

33

Aumosphenc fsliouthd (k) [ X1 ] 22-84 51-38 14-3 0.63-4) T4-46 0%5-40 n-3 202-263 10.29 13-26 320 39,38
Total lapot. soils $2-113  $4-38 =10 $41-136T  1.46-15 106-2633 I0-14S 106544 41013 44T 6078 A3 eav-l0%
Median ralue 1° 2 9 934 [ B 1.670 " 28 % 2 41 132 1.3°2
Mine tathings 11! 12.1) 141 202-787 QU528 - 21-16 204 130-190 16-24 028041 19-14 194.620
SmeRer slaps and

wastes™ rm 45.90 16-32 -— 395.790  00%-0. -_— 32-88 184 195390 k-0 01-02 hj 2N 1o-82n
Total discharge on land 64132 99.43 -— 1.198-2944 22.1 - 35-168  160-67  ANB. ) §OF  20.§° LY T ELES b N L. |

* The emission figures sre denved from the global waste e and the factors given in Table 2

+ Denved from ref. 45.
 This corvesponds roughls 10 the quanity of plants esten by domesiic anmals®’.

§ it is assumed that each urban resident generates 660 g refuse por o) '* and thet 25% of all the urban refuse 18 snCnersied

I Werldwide semage siudge producton 1s esumated 10 be 0 Mullion 10ANEs, 35suming average si sdge production rate of 30 g per capsta ™'

per dBv 18 urhan and rural communines” 't s

believed that 20% of the mumaipal siudpe 13 directly discharped or dumped 1m0 aquatIC ecosysiems. 3bowt 10% 13 Incinerated and the rest 1 70% 1 1d disposed of on land
* This figure represents waste production 18 RON-urBaA 31¢8s SqUAValent 10 sbout 2% g capita™ ' day '

& Assuming (hat each kg of metal processes or fabncated yields 0.8 kg of slag and wasie
®* We have assumed tha 75%

of sach of the trace metals present in cosl'®'7 is retaned 1n the ‘a:hes’. The annual cosl production Agure 15 from Enciclopedia Brirannica Ann Swppl 198

++ About 305 x 10° 1onnes of peat are wsed for agncutture and 49 x 10" tonnes wsed for fuel. We have assumed that “$*. of ihe trace metals 1n the peat burned are rexained m the ashes

£2 We have proposed that 1-15% of the otal annual production of the metals mav be discarded 1ios1 due 10 corrosion for insiancer, or dispersed 1n soils ([10OM wsage @ ChemMicel. Desticrdes.
Crop presenaiines, €1C isee 1ex1i. The production figures used tin million tonnes: are. Cd = 0014, AS.O, =0.06, Crichromne:=£9, Sbe008. Co=0024 Cu="9, raw steel = "1 Pha 3 Q.
Mn=9¢ Hgo0004% Ma=006), N1 =(6S; phmlc rock® 137, Se» 00014, V2005B. Zn« 6.0 (ref 43

M From Tabie 2. and the fied 1n f 111 of the same tbie

- We have luum the sverage tenor lnr Po. Cu. Ni snd Zn ore 1o be 2-6"¢ snd thal the taihings coman 0.0°
s and the 1ailings ure left with 0.05% of each ciemens. Typical ore renor (or Hp 1s 0.1-0 "¢ and the tashngs

0.2-1.5%

« of each of there elements For Mo and V. the ore tenor 1 assumed 10 be
umed 10 comam 002°. Hg For Cd. As. Sb and S¢ obtasnec prmanly

a8 hy-mum associated with base metais, it 13 dssumed that 20-30% of each metai content of the ores are left 1n the whings
¢ The retention 1n smelter slags 15 esumared 10 be 1- 1% of the Mg produced. S-10% of the Pb. Cu. Ni. Zn, Mo and V., and 10-20% of the As. Cd. Sb and S¢ produced

cultivated land area of 16 x 10" m® (ref. 45), the annual rates
of metal application would vary from about 1.0 gha"" for Cd
and Sb to about 50 g ha™' for Pb, Cu and Cr to over 65gha™'
for Zn and Mn. Although discernable i mcreues have been noted
in the metal burdens of some surface soils’***, the large back-
ground reservoir of trace metals generally obscures such huge
loadings from industrial sources. Nevertheless, each soil has a
limited retention capacity for trace metals and there is growing
concern that many soils in Japan and central Europe either have
become or will soon become overioaded with toxic metals at
the current rate of anthropogenic input®®“***’. The technology
for decontaminating such soils has yet 10 developed.

Conclusions

The inventories presented here clearly show that mankind has
become the most important element in the global bio-
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